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The severe acute respiratory syndrome coronavirus 2 (SARS-COV-2) was first identified in Wuhan, China in December 2019. Coronaviruses are zoonotic pathogens for humans and vertebrates, which are notorious for the outbreaks of the Severe Acute Respiratory Syndrome (SARS) and the Middle East Respiratory Syndrome (MERS) in 2002--2003 and 2012, respectively. The rapid spread of the SARS-COV-2 and the unknown nature of the disease have led to a vigorous pandemic in March 2020. To this date (10 April 2020), more than 1 million people worldwide have been infected, and more than 60,000 people have died due to the COVID-19. In a bid to overcome this outbreak, numerous researches are being conducted in different aspects of the COVID-19 outbreak including diagnosis, management, and treatment of the disease \[[@CR1]--[@CR3]\].

Studies reported a wide spectrum of signs and symptoms associated with COVID-19 including nonproductive cough, fever, myalgia, fatigue, dyspnea, diarrhea, and nausea/vomiting while some patients are known to be asymptomatic \[[@CR3]\]. The incubation period of COVID-19 is assumed to be between 2 and 11 days with an approximate mortality rate of 2 to 4% \[[@CR4], [@CR5]\]. According to the studies, infected individuals produce a large quantity of virus in the upper respiratory tract during the incubation period, which leads to the latent spread of infection. Whether the asymptomatic and/or treated individuals can transmit the virus or not is not completely clear yet \[[@CR6]\]. The diagnosis of COVID-19 relies on clinical suspicion, CT findings, and reverse transcription polymerase chain reaction molecular test (RT-PCR). Since neither an effective drug nor a vaccine is currently available for the COVID-19, early diagnosis and isolation of the patients play a crucial role in controlling the outbreak. Additionally, there are many possible atypical clinical presentations in COVID-19 patients, which may be un−/misdiagnosed \[[@CR7]\].

According to studies, more than 35% of COVID-19 patients develop neurological symptoms. Some COVID-19 patients may present neurologic symptoms as the initial presentations of the disease \[[@CR8]\]. However, the prevalence of neurological signs and symptoms is higher in patients with severe COVID-19 infection, which may be the result of cerebral hypoxia due to respiratory failure \[[@CR9]\]. In the current study, we aimed to review the neurological manifestation of COVID-19. For this purpose, neurological signs and symptoms were categorized into the Central Nervous System (CNS) associated and Peripheral Nervous System (PNS) associated ones. Needless to say, such studies will raise the clinical suspicion of a physician for early diagnosis of the COVID-19.

CNS associated sign and symptoms {#Sec2}
================================

Several CNS-related manifestations have been reported in the literature associated with COVID-19, including headache, dizziness, impaired consciousness, acute cerebrovascular disease, epilepsy, ataxia, acute disseminated encephalomyelitis (ADEM), and viral encephalitis, which are explained briefly in the following \[[@CR5], [@CR9]\]:

Headache is the most common CNS symptoms with the prevalence varying from 6.5 to 23%, and the mean prevalence of 8% in different studies \[[@CR10]\]. In a study by Wang et al., among 138 hospitalized patients with COVID-19, thirteen patients had dizziness and nine patients had a headache. Also, those in the intensive care unit were more likely to report dizziness \[[@CR11]\].

Older individuals especially those with preexisting chronic medical conditions are at an elevated risk of impaired consciousness or delirium in the setting of acute infections, these patients which are prone to experience COVID-19 severely, may present with encephalopathy and confusion \[[@CR12]\]. In a study, confusion was reported in 9.0% of the COVID-19 patients mostly in those with poor prognosis \[[@CR13]\]. Moreover, confusion or impaired consciousness may be a result of intracranial hemorrhages. For instance, recently a case of massive intracerebral hemorrhage (ICH) in a COVID-19 patient is reported in Iran \[[@CR14]\]. This raised the question of whether the dysfunction of angiotensin II receptors expressed in cerebrovascular endothelial cells of the brain could be associated with COVID19 infection and ICH. The authors hypothesized that the dysfunction of angiotensin II receptors due to the SARS-COV-2 invasion may lead to disruption of water and sodium regulation leading to the rupture of arterial wall \[[@CR14]\].

Cerebrovascular diseases are one of the most common comorbidities in patients suffering from severe COVID-19 \[[@CR15]\]. Furthermore, viral infections such as COVID-19 may provoke the occurrence of cerebrovascular diseases (CVD) such as acute ischemic stroke as well \[[@CR5], [@CR16]\]. This may be due to the downregulation of natural anticoagulant mechanisms by inflammatory mediators and disturbance of coagulation system. In this regard, similar to MERS, disruption of the coagulation system is reported in the COVID-19 patients \[[@CR17]\]. Some critically ill patients with COVID-19 have a significant tendency for clot formation \[[@CR18]\]. In such cases, administration of anticoagulant drugs appears to be associated with better prognosis in severe COVID-19 patients due to decreasing the risk of venous thromboembolism \[[@CR19]\].

Several cases of recurrent transient generalized tonic-clonic seizures in patients with COVID-19 have been reported in the literature. All those cases neither had a history of epileptic seizures nor a family history of seizure disorders \[[@CR20]--[@CR22]\]. In this regard, physicians should be aware of the contraindication administration of hydroxychlocoquine \[[@CR23], [@CR24]\]. Several hypotheses are proposed for explaining COVID-19-associated epilepsy including the release of inflammatory cytokines, tumor necrotizing α, and the granulocyte colony-stimulating factor, which can trigger neuronal hyperexcitability through activation of glutamate receptors leading to episodic seizures \[[@CR25], [@CR26]\]. On the other hand, some researchers believe that seizures may be due to encephalitis and the invasion of the virus to the brain \[[@CR27]\]. However, whether the SARS-COV-2 virus can cross the blood-brain barrier (BBB) or not is still controversial \[[@CR5], [@CR28]\]. It should be mentioned that epilepsy may also be associated with the adverse drug reaction of antiviral drugs, such as lopinavir/ritonavir and ribavirin in some cases \[[@CR29]\].

Acute necrotizing encephalopathy (ANE) is a rare progressive neurodegenerative disorder characterized by multiple, symmetric areas of edema and necrosis in the CNS, which is known to be due to the uncontrolled release of cytokines during a febrile disease such as influenza \[[@CR30], [@CR31]\]. ANE leads to disruption of BBB without direct viral invasion. Recently a case of ANE is reported in a COVID-19 \[[@CR30]\].

Limited cases of ataxia, ADEM, are reported in the COVID-19 patients \[[@CR32], [@CR33]\]. Nevertheless, more convening evidence is required in this purpose.

PNS-associated sign and symptoms {#Sec3}
================================

PNS sign and symptoms of COVID-19 are less severe, including hyposmia/anosmia, hypogeusia/ageusia, muscle pain, and Guillain-Barre syndrome (GBS), which are described in the following \[[@CR34]\]:

Anosmia and ageusia are the most common PNS manifestations of SARS-COV-2, which has also been reported in previous coronaviruses. These symptoms occur suddenly, and usually with fewer nasal symptoms such as nasal obstruction or excessive nasal secretion \[[@CR35]\]. Anosmia and ageusia are mostly present in asymptomatic individuals or as the initial presentation of the disease with no other symptoms \[[@CR36]\]. Therefore, some researchers suggested that people with such symptoms may be possible carriers and should isolate themselves from others. Most patients gradually regain their sense of taste and smell as they recover from SARS-COV-2 infection \[[@CR37]\].

The exact mechanisms associated with SARS-COV-2 anosmia are not clear yet. However, several hypotheses are proposed for explaining anosmia. According to a study in animal models, coronavirus can transneuronally disseminate into the brain through olfactory pathways and invade the olfactory neuroepithelium integrity through the expression of TMPRSS2 and ACE2 in sustentacular cells \[[@CR38], [@CR39]\]. Consequently, disruption of olfactory neuroepithelium leads to anosmia. Nevertheless, some authors believe that anosmia is somehow due to inflammation in the olfactory nerves rather than damage to the structure of the receptors \[[@CR40]\]. However, application of nasal corticosteroids is not suggested due to the uncertainty of their benefits \[[@CR37]\].

Discussion {#Sec4}
==========

COVID-19 is a novel respiratory disease caused by SARS-COV-2, which has become the biggest health concern worldwide. COVID-19 may accompany a wide range of signs and symptoms including fever, cough, rhinorrhea, chest pain, diarrhea, vomiting, nausea, confusion, etc. Whereas, some patients may be asymptomatic \[[@CR6]\]. The diagnosis of COVID-19 is made through suspicious clinical symptoms and imaging \[[@CR7]\]. In this regard, some clinical and laboratory manifestations of the COVID-19 may be uncommon or neglectable, leading to the un−/misdiagnose of the disease and further contaminations of individuals.

Based on conducted studies, more than one-third of COVID-19 patients present neurological symptoms during the course of the disease. Even in some patients, neurologic symptoms may be the initial or only presentations of the COVID-19. Additionally, the prevalence of neurological signs and symptoms is higher in patients with severe COVID-19 infection \[[@CR6], [@CR8]\].

The reported neurological sign and symptoms of COVID-19 include headache, dizziness, confusion, acute cerebrovascular disease, epilepsy, ataxia, anosmia, ageusia, and muscle pain demyelinating encephalomyelitis \[[@CR9]\]. In this regard, CVDs are not only one of the main comorbidities of COVID-19 patients, but also individuals with risk factors may experience CVDs in the context of COVID-19 pathophysiology. The hyperactivation of inflammatory factors disrupts the coagulation system leading to D-dimer and platelet abnormalities \[[@CR5]\], which spikes the risk of CVDs. Furthermore, administration of anticoagulants is showed to decrease the mortality rate of hospitalized patients \[[@CR19]\].

Anosmia and ageusia are known to be a common PNS manifestation of COVID-19 especially in those assumed to be asymptomatic \[[@CR35], [@CR36]\]. Some individuals with anosmia later develop respiratory symptoms while others remain asymptomatic. In this regard, these symptoms should raise the suspicion of COVID-19 diagnosis even in the absence of other typical symptoms in the current pandemic \[[@CR40]\]. Anosmia and ageusia may be associated with the increased ACE-2 receptors expressed in nasal mucosa and tongue \[[@CR41]\]. Whether anosmia and ageusia are the results of nerve injuries or inflammation of the olfactory nerves is still disputable. Since brain stem involvement has been reported previously in patients and animal models of severe acute respiratory syndrome coronavirus (SARS-CoV) infection, some researchers believe that peripheral trigeminal or olfactory nerves are pathways for coronaviruses to enter the CNS. However, further studies are required \[[@CR5]\].

Patients with severe CNS involvement present with lower lymphocyte and platelet counts beside higher blood urea nitrogen levels, while laboratory findings may not be helpful in patients with PNS involvement or individuals with non-severe CNS involvement \[[@CR9]\].

Various mechanisms are proposed for explaining the possible CNS involvement of the SARS-COV-2 including direct invasion of the virus via disruption of BBB through release of cytokines and retro- or anterograde neuronal transport via dynein and kinesins proteins \[[@CR5]\]. In addition, possible nerves injuries may also be mediated by the immune system, hypoxia resulted by pneumonia, and/or through attaching to ACE2 receptors \[[@CR5]\]. These receptors are known to be expressed in different organs including CNS, lungs, arteries, heart, kidney, and intestines. ACE2 receptors regulate blood pressure and according to the studies, SARS-CoV-2 spike protein could interact with ACE2 receptors, leading to elevated blood pressure and increase the risk of cerebral hemorrhage \[[@CR14], [@CR42]\]. With similar mechanism, SARS-COV-2 binding with ACE2 receptors of capillary endothelium may disrupt the BBB and enter the CNS. In a study, Steardo et al. indicated that coronaviruses infect brain stem neurons, which are responsible for the cardio-respiratory regulation, resulting in the respiratory failure and hypoxia \[[@CR43]\]. It seems that on one hand, SARS-COV-2 leads to both pneumonia and impairment of brain stem cardio-respiratory regulation center, which both leads to hypoxia. On the other hand, hypoxia may exacerbate the neural damage leading to a deadly vicious cycle as shown in Fig. [1](#Fig1){ref-type="fig"}. This supports the higher prevalence of neurological symptoms in severely ill patients. Considering the lack of evidences and the importance of possible CNS roles in the COVID-19 pathophysiology, further studies are encouraged.Fig. 1Deadly vicious cycle of pneumonia, hypoxia, and cardio-respiratory regulation nuclei of brain stem

Conclusion {#FPar1}
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During the current context of COVID-19 pandemic, physicians should be aware of wide spectrum of neurological COVID-19 sign and symptoms for early diagnosis and isolation of patients. In this regard, COVID-19 has been associated with many neurological manifestations such as confusion, anosmia, and ageusia. Various evidences support the possible CNS roles in the COVID-19 pathophysiology. In this regard, further investigation of CNS involvement of SARS-COV-2 is suggested.
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